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S a t u r a l  gas coverin; over 9770 of t h e  requirements of the U.S. gas indus t ry(1)  
has  allnost completely replaced manufactured gas  produced from coal ,  coke o r  
o i l ,  which s t i l l  r ep resen t s  over 99% of the  gas d i s t r i b u t e d  i n  &rose (9 ) .  

I n  nost  ca ses ,  i n  the  U . S . A . ,  gas p l an t s  'have been converted t o  produce o i l -  
gas and a r e  being maintained a s  standby f a c i l i t i e s  t o  cover pealcloads, some- 
times so requi red  by S t a t e  U t i l i t y  Commissions. However, i n  general ,  such 
Dlants (appr .  150 gas genera tors ) ,  a r e  operated f o r  less than 15 days p e r  
year .  

This s i e x t i o n  i s  economically unsound, when cons ider ing  the  i apor t ad t  
c a p i t a l  investment i n  such p l a n t s ,  the requi red  maintenance, and the ne- 
ces s i ty  of having s k i l l e d  labor  ava i l ab le  a l l  year  round f o r  only a few 
days' opera t ion  per  year .  

On the o the r  hand, n a t u r a l  gas con t r ac t s  genera l ly  l i m i t  t h e  quant i ty  oE 
na tu ra l  gas  a v a i l a b l e  f o r  pealcloads, YJhich may be a s  high a s  4 times the 
lowest sendout volume. P r i c e  f o r  ex t r a  peakload qas may be up to  6 
times tne averaze cos t  oE n a t u r a l  gas .  With the incGease i n  space heat ing 
load, the  dynamic conpet i t ion  of o the r  f u e l s  and the  upward t rend i n  the  
c o s t  oE n a t u r a l  gas ,  the peakload problem i s  becoming increas ingly  acute .  

A so lu t ion  is proposed which i s  bel ieved 
the  gas indus t ry .  I t s  app l i ca t ion  :till permit continuous year  round 
opera t ion  of present ly  i d i e  gas p l an t s .  

This  so lu t ion  provides t o  produce o i l g a s  with a higher  than conventional 
hea t  value and which may contain up t o  50% higher  hydrocarbons ( C 2  t o  C,). 
Recovery, f r a c t i o n a t i o n  and f u r t h e r  processing o f  such hydrocarbons xould 
then make ava i l ab le  bas i c  petrochemicals.  Due t o  the high value of pe t ro-  
chemicals recovered from the o i l g a s ,  the  r e s i d u a l  gas can be made ava i l ab le  
a t  a lower c o s t  than t h a t  of n a t u r a l  gas .  The r e s idua l  gas  i s  more r ead i ly  
interchangeable  with n a t a r a l  gas than o i lgas .  During most of the year ,  r e -  
s idua l  gas may t e  used t o  cover hea t  and power requirements;  during peak- 
load per iods,  i t  can be made ava i l ab le  f o r  gas d i s t r i b p t i o n  and l i q u i d  f u e l s  
a r e  used f o r  t he  p l an t .  

The process  can make ava i l ab le  t o  the  chemical indus t ry  basic petrochemicals 
such a s  e thylene ,  Dropylene, butylene-butadiene,  cyclopentadiene,  benzene 
toluene, cumene ana s tyrene .  Production would be nearer  t o  l a rge  oonsumpkon 

t o  solve the  peakload problem of 
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a r e a s ,  a s  for ins tance  on the East Coast of t he  U.S.A., and poss ib ly  a t  
l ove r  c o s t  than t h a t  p reva i l i ng  on the  Gulf Coast. 

Taking EffiyLene a s  an erample: 62.5% of the t o t a l  U.S.production o r ig ina t e s  
f r o s  the  Gulf Coast a t  a p r i ce  of appr .  5cents / lb .  and only 15.4% from the 
East Coast a t  appr. 6 cen ts / lb .  such p r i ces  being based on p l an t s  of 230 t o  
300 mi l l i on  pounds per year  capaci ty  ( 8 ) .  

With t'his so lu t ion ,  i t  would be poss ib le  t o  produce ethylene a t  a p r i c e  of 
appr. 2.5 cents / lb . ,  i n  New England i n  a p l an t  having a capaci ty  
43 mi l l i on  pounds per year  ( o i l g a s  p l a n t  of 10,000 MCED). 
r e s idua l  gas i s  valued a t  30% below the average cost of n a t u r a l  gas, and 
the  o ther  products a t  t h e i r  market value i n  t h i s  area.  

A p l a n t  with an annual capac i ty  o f  26 mi l l i on  pounds of e thylene (6,000 ?,C.ICFD 
gas p l a n t )  would s t i l l  be economically f e a s i b l e  with t h i s  so lu t ion ,  where- 
a s  such r e l a t i v e l y  s m a l l  
cesses .  By appl ica t ion  of the proposed so lu t ion  a t  a s ing le  converted 
gas p l a n t  i n  the N.Y. metropol i tan a r e a ,  150 mi l l i on  pounds of e thylene 
could be obtained and t l is  r i g h t  near  major markets f o r  the products. 

of only 
I n  t h i s  case ,  the 

p l a n t s  are not  coape t i t i ve  when using o ther  pro- 

The growth of t he  petrochemical indus t ry  has been dynamic and continues a t  
an unprecedented r a t e .  During the  l a s t  two decades, production i n  the  U.S.A. 
had doubled about every f i v e  years .  I n  1958, i t  amounted t o  .appr. 5 b i l l i o n  
d o l l a r s  annual ly ,  and i s  expected t o  grow to  20 b i l l i o n  d o l l a r s  by 1967(6). 

I n  papers presented a t  the World Petroleum Congress he ld  r ecen t ly  i n  New 
York, a s  w e l l  a s  i n  several pub l i ca t ions  ( 6 ,  7 )  production of petrochmicals 
over a decade has been f o r e c a s t  as p e r  fol lowing Table. 

Ant ic ipa ted  Increase i n  Production of some Basic Petrochemicals 
i n  the United S t a t e s  i n  a Decade i n  B i l l i o n  Pounds 

Ethylene 
Propylene 
Buty lene-Butadiene 
Aromatics 
Styrene 
A l l  Petrochemicals 

1965 - 19 55 - 
3.05 6 .SO 
1.50 2.70 
2.15 3.60 
3.00 8.00 
1.01 1.75 

31.50 85.00 

Natural  gas  i s  the p r inc ipa l  source (50%) from which ethylene i s  produced 
i n  'the U.S. (8). 
ethane from which ethylene i s  produced by therlnocracking, a f t e r  recovery 
of et!??ne from n a t u r a l  gas. I n  our case ,  the ethylene i s  already present  
a s  such i n  the o i lgas  (over  20% by volu2e) i n  add i t ion  to o ther  hydrocarbons 
the  t o t a l  content  of which nay be a s  h igh  a s  5W0 by voluue. This  a l lows 
lower c a p i t a l  investnent  and permits the economical recovery of hydrocarbons 
i n  smaller p lan ts .  

The Stark  Process (U.S.Patent N o .  2,714,060) proposed i n  t h i s  paper has been 
descr ibed previously i n  severa l  publ ica t ions  (2, 3 ,  4, 5 , l I ) T h i s  process  
o f f e r s  a p e a t  deal of f l e x i b i l i t y  regarding the decree of hydrocarbon 
recovery, pu r i ty  and type of products which can be obtained. 

Natural gas conta ins  r e l a t i v e l y  small percentages of 

i \ 
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A number of schemes, A t o  E ,  mostly new, have been worked ou t  t o  show various 
p o s s i b i l i t i e s  i n  recovery and production of petrochemicals and t h e i r  eco- 
nomics a r e  out l ined  he rea f t e r .  

I n  a l l  of the  following schc-nes, o i lgas  i s  the bas i c  charge s tock  f o r  the 
proposed recovery and petrochemical p l an t s .  The o i lgas  i s  produced i n  
e x i s t i n g  converted,  reac t iva ted  o r  new gasplant  f a c i l i t i e s .  

The conventional o i lgas  generztor  permits vapor phase cracking W;,th steam 
but  without c a t a l y s t .  A var i e ty  of f u e l s  such as Bunker C o i l ,  residuum 
crude o i l s ,  and crude oil may be used f o r  o i l g a s  making. The o i lgas  ge2- 
e ra to r  can be heated by heavy o i l ,  tar o r  gas. B y  s u i t a b l e  adjustment of 
the  operat ing condi t ions ,  p a r t i c u l a r l y  of the cracking temperature,  an o i l -  
gas of des i red  ana lys i s  and hea t  value (700  Btu/cf t o  1600 Btu/cf) can be 
produced. A s  the  hydrocarbon content  of t he  gas ( C  t o  C,) increases ,  the  
heat ing value of t h e  o i l g a s  increases  accordingly.  21t may range between 5 
mol percent f o r  a 700 Btu/cf gas t o  50 mol percent f o r  a 1600 Btu/cf gas ( l0 ) .  

The present study i s  based on a typ ica l  oilgas of 1250 Btu/cf having the  f o l -  
lowing 
from various p l an t s .  

ana lys i s  expressed i n  no1 percent ,  based on opera t ing  da ta  ava i lab le  

33.00/0 
24.0% 
6.6% 
3.% 
1.2% 

The combined percentage of unsaturated hydrocarbons and aromatics i n  above 
ana lys i s  represents  appr.  33%. The r e s idua l  gas a f t e r  recovery of higher 
hydrocarbons ?.Jill hi-le a hea t  value and gravi ty  nearer  t o  the  na tu ra l  
gas 
and c h a r a c t e r i s t i c s  The re -  
s idua l  %as may, however, a l s o  be used -xithin t h e  p l an t  l t s e l f  to  provide 
for heat  and power requirements. Depending on l o c a l  market condi t ions,  by 
c red i t i ng  the  marlcet value of the recovered ?etrochemicals ,  t h i s  nay r e -  
s u l t  i n  a lower c o s t  f o r  r e s idua l  gas than f o r  the p r i c e  of na tu ra i  
gas i n  the s p e c i f i c  a rea .  

The H2S 
a t  the gas p l an t  by co~lventio-;lal procedures. The o i l g a s  accii?wlated i n  
the holder i s  compressed and s e n t  t o  the recovery p l an t .  

A s  the contained i n  .the o i lgas  (appr. 
30 grains/100 c f )  a r e  removed from the gas during the recovery processino, 
the  res idua l  gas v i11  be p r a c t i c a l l y  f r e e  of o r g m i c  sulpbxc R ~ C !  can, ?f 
s o  des i red ,  be used I n  a c a t a l y t i c  
which cannot be obtained from the  o i  
This allows also  t o  bu i ld  a m o n i a  p 
only charge stock. I n  such case ,  hydromen could be producec? Erp i?  the  r e -  
s idua l  gas and any balance of the  resPdua1 gas could be used t o  cover 
the  im?ortant heat  and power requirements of the  a m o n i a  p ian t .  This  
p o s s i b i l i t y  i s  not  covered i n  t h i s  paper. 

Schemes A t o  E a r e  out l ined  below: 

and may be used a s  a s u b s t i t u t e  thereof ,  with b e t t e r  in te rchangeabi l i ty  
than the  conventional o i lgas  o f  1000 B t u / c l " .  

i s  removed from the o i l  and the tar  i s  separated and dehydrated 

organic  sulphur compounds general ly  
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Scheme A (Fig.  1) 

This p lan t  Droposes the  recovery Of appr.  70% 
C4 t o  C8 cbts ( 2 ) .  
i n  m o l  percent:  

of Cg, and more than 9%of 
The r e s i d u a l  gas will have the  following appr. ana lys i s  

38.0% 
27 -0% 
2.6% 

CH4 
c2  

i a .  4% 

LOO. 0% 

c& 02, (302, N2 14.0% 

Heat value 970 Btu/cf 
Gravi ty  0.68 

Scheme B (Fig.2) 

Recovery of 88% of the  C2 f r a c t i o n  and appr. 98% of the  higher  hydrocarbons(C3- 
i s  proposed. The r e s i d u a l  gas  w i l l  have the  fol loir inf  appr.  ana lys i s  i n  ,C8) 
mol percent: 

CHI 49.2% 
9.1% 

24.7% H 
c& co2,  O2,N2 17.0% 

100.0% 

c24 

Heat value 750 Btu/cf 
Gravi ty  0.58 

aQpf. 
The r e s idua l  gas can be enriched t o  a gas of 1000 Btu/cf and/0.70 gravi ty  
us ing  appr.  470 of t h e  annual output  of the recovered C j  cu t .  

Scheme C (Fig.3) 

Provides f o r  the  add i t ion  t o  the recovery p l an t  as per  Scheme A of another  
P lan t  (21) t o  handle 50'70 of t h e  r e s idua l  gas. 

P a r t  of the  res idua l  gas ,  With addi t ion  of benzene, i s  sen t  t o  P lan t  P1, 
where a l l  of the propylene i n  the gas with the benzene i s  c a t a l y t i c a l l y  
converted to  cunene (C H12), and the etfiylene With the benzene i s  converted 
t o  ethylbenzene (C$il0? an aroma Lic so lvent  remaining as byproduct. The 
ethylbenzene can then be 
p l a n t  P2. 

The quant i ty  of cumene and s tyrene  produced may be var ied  
percentage 

Scherne D (F ig .  3) 

Shows condi t ions when a l l  of the  r e s idua l  gas  i s  processed i n  p l an t s  01 
and F2,otherwise a t  t h e  same condi t ions as Scheme C. 

dehydrogenated i n t o  s tyrene  (CgHg) i n  an addi t iona l  

by changing the  
of volume of r e s i d u a l  gas processed i n  p l an t s  P 1  and P2. 

L 



Scheme E (F ig .  4 )  

Refers t o  an a l t e r n a t e  i n  which the f i r s t  p l an t  2s Lindted t o  the  ex- 
t r a c t i o n  oE 95% of C 4  2nd heavter f r a c t i o n s .  
provided, however, a l l  of the C 3  vi11 be used i n  P lan t  '21 
i n  g r e a t e r  cunene production thwprovided f o r  i n  the preceding scheme, 
but no propylene cu t  i s  recovered. 

:& typ ica l  exam?le i s  given f o r  a p lan t  v i t h  a d a i l y  capac i ty  o f  6 ,000  ?!CFD 
05 o i lgas  corrcsponding t o  the opera t ion  of only one l a rge  s i z e  con- 
ventional o i lgas  generator u n i t .  

An oilgaas of 1230 Etu/cf,  typ ica l  s n a l y s i s  as  above, based on 3 4 3  days 
o f  operation p e r  year ,  has been assumed; thLs ar?our.ts t o  am input i n  
t t e  e,:tr.ection p l an t  of 7,500 X,! Btu/day o r  2,537,70C FP? Btu/year. Con- 
sun:ption of heam oil f o r  gas  nakii-12 
base l  or. 1-5.5 &/;.!Cf. .  is 764,000 bbl/year. , 

T'ne Eol1oiiir.g ta'cLes i l l u s t r a t e  the econonics of such typ ica l  p l an t  f o r  
each of above sche3rLes, based on present  market cord i tcons  prevai l i r .2  
i n  the New England a rea .  

Table I ,  ind ica t e s  q u a n t i t i e s  produce6, a s  w e l l  a s  charge s t o c l s ,  
on an annual b a s i s .  

Tckle II, shows the upgradinz, i.e. crarket value of tlie Froduct 05- 
tn i r ted  l e s s  thc cos t  of charge s tocks  (heavy o i l  an.d benzene)with 
corrcsT;or-clinA v n i t  p r i ces  f o r  e ~ c h  product.  

T l a n t s  similzr to  D a r e  
r e su l t i ng  

and hea t ing  of the o i lgas  generator 

Residual g,as has been cstlniated a t  t he  c o s t  o f  heavy i u e l  i n  equivslent 
E t u ,  i . e .  35C/%Etu, p lus  10: f o r  I l f f e r e n c e  i n  e f f i c i ency  ;r,d c o s t  of 
preheating o f  the heavy  o i l  making a t o t a l  of ?,1.5<,/rGBttu. T h i s  i s  
3122 l o v e r  than tke average cos t  of n a t u r a l  gas i n  the Rex England rcgion 
(~?pp!- .  55C/i.?iEtu). I t  nmkes possible t o  use  r e s i c c a l  gas a s  f u e l ,  e i t h e r  
parri.ally o r  t o t a l l y ,  f o r  petrocfieniical o r  power p l an t s  o r  gas d i s t r i b -  
u t ion .  .-'-bovs calca?.atior.s do not reE1ect c r e d i t  f o r  the ouch higher 
vclluc of r e s idua l  sas whec used f o r  pea~:loac r equ i r e ren t s  (o the r  sub- 
s t i t u t e s  bej.rig up tor5 ';imcs higher) 

An cconor.?ic evalu'tion f o r  each scherr.e i s  sur.wzr.ized i n  Table 111, 

The requi red  c a p i t a l  invcstnients shoulc! be e s t ab l i shed  separa te ly  f o r  
czch p r o j e c t ,  'novever, an ind ica t ion  has  been given i n  Tabulation 111. 

Equity has been assumed z t  5QZ of the  c a p i t a l  requirements,  i n t e r e s t  r a t e  
a t  6 percent per aimurn or. balance of requi red  c a p i t a l  with amortization 
over 10  years  r e s u l t i n g  i n  ap. averaze anriuity of 3.5% 

Cost of u t i l i t i e s  and labor  on crhich these  s t c d i e s  a r e  based: 

S t e m  70C/1000 lbs. 

Fuel o i l  $2.20/Sbl 
Fuel gas : 8 , 5 P F  
Vater .2$ 1000 g a l s  
S k i l l e d  l a b o r  $2.40/hour 

E l e c t r i c  t y  1 . lC/P,<X 
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>- conservat ive fi,qre o f  2OC per X F  has beer. used f o r  the  cos t  of oil- 
23s a t  ho lder  inc luding  t a r  ctehydration. 

The r e tu rn  on t o t a l  c a p i t a l  is define? as incoree plus  i n t e r e s t  Cividedby 
tke t o t a l  c a p i t a l .  

The  payout i s  defined as number o f  years  r e s u l t i n g  from the c a p i t a l  in-  
v e s t m a t  divided by n e t  incorne a t e r  taxes  p lus  depreciat ion.  

Tsbulat ion I11 shows t h a t  t h e  r-et r e t u r n  on c a p i t a l  e&i ty  a f t e r  taxes  
i s  215 t o  72% ar.6 payout 4.7% t o  2.1 years  b a s e l  on above conditions.  

, 

- r i g s .  5 and 6 i l l w t r a t e  oavoQt and percentage of net  inc0rr.e a f t e r  taxes  
on the equity( 50% of capital)  f o r  Schemes A t h r u  E above, f o r  p l a n t s  of 

d i t i o n s  i n  the Rew England ares .  

on t h e  l o c a l  and market condi t ions .  

capac i t l e s  frcrm 3,OCO i,CFD t o  I i 0 , O O O  l C F C  base6 on present  m r k e t  con 1 

A s p e c i f i c  study should be m d e  f o r  each case as the economics vi11 depend I 

I€ papu 5 years  i s  tekert a s  a b a s i s  f o r  Scheme B and f o r  a p lan t  G E  
L0,OOO iLr3  capaci ty ,  tke c o s t  of etk-ylene f o r  a production of 43  mil l ion  
pou?.ds per  year  ( i n s t e a d  of 26 mi l l i on  pounds/yezr i n  a 
may be as low as 2.5C/lb i n  the N c r ~  England a r e a .  

of 

6,OOC X F D  p l a n t )  

The c o s t  of s tyrene under akove conditior-s f o r  a plant  of 10,000 XCFD, 
u s ine  t h i s  process d l1  be only appr .  8C/lb'. ap-d of cumene 5.3c/lb. <.e. 
appr.  30% lower than rcirket p r i ces  i n  the  NEW England zrea. 

It i s  t o  be emphasized t h a t ,  depending; on market condi t ions,  p l a n t s  of 
smaller  capaci ty  become economically f e a s i b l e  by appl ica t ion  of t h i s  
process.  
S t a t e s  vhere smaller q u a n t i t i e s  of  pctrcchenlicals a r c  rr.arbetat.le znd CELR 
'ce p r o ? ~ c e d  a t  much lower cost  than they can be imported. 

The app l i ca t ion  of this process  w i l l  r e s u l t  i n  the  follotring sdvantages: 

l> U t i l i z a t i o n  of i d l e  investment i n  gas  p l a n t s  by operat ing them a11 
year round, i n s t ead  on only Less than two veeks a y e a r .  

2) P o s s i b i l i t y  o f -  r ak ing  a v s i l a b l e  t o  tke gas  industry a b e t t e r  s u b s t i t n t e  
vas a t  w c h  lower c o s t  than o ther  s u b s t i t u t e s  f o r  peakloads and appr.  
ZOY: lower than the  average year ly  c o s t  of n a t u r a l  gas i n  t h e  area.  

3) P o s s i b i l i t y  of making avz i l ab le  t o  the  chemical indus t ry  bas i c  pet-o- 
chemicals c loser  t o  the cnnsuniing markets ( f o r  ins tance  the East of 
the U.S.) 
coas t  cf GT.5.3. 

To obtair: a high n e t  i n c o m  on equi ty  c a p i t a l  a f t e r  taxes (21% t o  72:: 
and payout of the  i n v e s t m n t  i n  2 - 5 years .  

P o s s i b i l i t y  t o  i n s t e l l - p l a n t s  of small capaci ty  vhich is, i n  general ,  
n o t  economlcelly poss lo l e  wi th  other  processes .  

This may be of s p e c i a l  importance f o r  p lan ts  outs ide t h e  United 

a t  a p r i c e  possibly lover  than prevz i l ing  on t h e  Gulf 

L ; )  

5) 

. .  

1 

i 

\ 
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6) Economic u t i l i z a t i o n  of heavy o i l s ,  e i t h e r  Bunker C o i l  o r  crude o i l ,  
.jhich ray be e i t h e r  i n  oversupply o r  too far f r o z  market e r e a s .  

This process may shoi,? even t e t t e r  econonics :<hen a p p l i e d  i n  o ther  count r ies  
evcn i f  i n s t a l l a t i o n  oE gas p lan t  equipcent be r e q d r e . 6 ,  becruse 
ckrnicL7-?s 
iahsi-eas l a b o r  i s  l e s s  expensive. 

h sp l i cz t ion  of t h i s  Frocess m a y  bene f i t  both t h e  gas and chemical h6us tr i e s  
and nay c o n t r i t u t e  t o  b e t t e r  s tandards of l i v i n g  i n  many count r ies .  

are general ly  imported and t h e i r  c o s t  i s  h igher  than i n  U.S.A 
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